Catalyst for Water-Gas Shift Reaction and Method for Converting Carbon 
Monooxide and Water to Hydrogen and Carbon Dioxide 

Field of the Invention 
5 The present invention relates to a method for converting carbon monoxide 

(CO) and water to hydrogen and carbon dioxide (CO2), i.e. the water-gas shift 
reaction, and in particular to a catalyst used therein. 

Background of the Invention 

10 Polymer electrolyte membrane fuel cells (PEMFCs) are likely to be used in 

a stationary domestic electricity generation system or an electric automobile. 
The fuel required by a PEMFC system is a hydrogen-rich gas with a CO 
concentration lower than 20 ppm (H2 concentration >35%)- A hydrogen-rich 
reformate gas with a CO concentration of about 8-15% generated by a reforming 

15 reaction from a hydrocarbon is proceeded with a water gas shift reaction 
(abbreviated hereinafter as WGS) in order to reduce the CO concentration below 
1%, followed by a selective oxidation to further reduce the CO concentration 
below 20 ppm. In the past, one of the WGS catalysts used was Cu-ZnO/AhOs. 
Its major drawbacks include a narrow reaction temperature range, requiring 

20 activation, requiring stored in an air-free environment, and a poor heat resistance. 
Due to these drawbacks, the conventional Cu-ZnO/Al203 catalyst is not suitable 
for use in a fuel reformer system of a stationary domestic fuel cell electricity 
generation system. 

Therefore, catalyst researchers are aggressively developing a WGS 
25 reaction catalyst more suitable for use in the fuel cell electricity generation 
system. For example, in USP 6,238,640, Idemitsu Kosan has developed 
CU-MO-AI2O3 (wherein M is Zn, Cr, or Mg); in EP 1,161,991, Matsushita 
Electric Works, Ltd. has developed Pt-M/Zr02 (wherein M is Re, Sc, or Pr); in 
EP 1,184,445, Toyota has developed Pt-M/TiOi (wherein M is Al, Si, P, S, or V); 
30 and Nextech has developed a Pt/CeOi-ZrOi catalyst for use in the WGS reaction. 
They all claim that these catalysts are relatively stable with air (oxygen) and 
have a very high activity in catalyzing the WGS reaction. In fact, however, the 
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abovementioned catalysts each have its own defects. For example, the catalyst 
developed by Idemitsu Kosan has a poor catalyst activity; and the catalysts 
developed by the Matsushita Electric Works, Ltd. and Toyota have a high content 
of precious metal (the concentration of Pt being 3-12 wt% in the examples of the 
5 patents) which contributes to a high synthesis cost for the catalysts. 

Summary of the Invention 

One objective of the present invention is to provide a catalyst that can be 
used to convert carbon monoxide and water into hydrogen and carbon dioxide 
10 (WGS reaction). Said catalyst has a high CO conversion ratio and a low 
production cost. 

Another objective of the present invention is to provide a method for 
converting carbon monoxide and water into hydrogen and carbon dioxide. 

Still another objective of the present invention is to provide a method for 
15 reducing the content of carbon monoxide and increasing the content of hydrogen 
in a hydrogen-rich reformate gas. 

In order to accomplish the aforesaid objectives of the present invention, a 
catalyst for converting carbon monoxide and water into hydrogen and carbon 
dioxide synthesized according to the present invention comprises a metal oxide 
20 carrier, which comprises a copper oxide, an aluminum oxide, and a metal oxide 
selected from the group consisting of zinc oxide, chromium oxide and 
magnesium oxide, characterized in that said catalyst further comprises 0.1-10% 
of platinum (Pt), preferably 0.5-5% of Pt, and 0-5% of rhenium (Re), preferably 
0.1-3% of Re, supported on said metal oxide carrier, based on the weight of said 
25 metal oxide carrier. 

The present invention also discloses a method for converting carbon 
monoxide (CO) and water into hydrogen and carbon dioxide (CO2), which 
comprises contacting a hydrogen-rich gas feed containing hydrogen, CO and 
steam with the abovementioned catalyst according to the present invention at 
30 lOO'-SOO^C. 

Preferably, the metal oxide carrier of the catalyst of the present invention 
comprises a copper oxide, an aluminum oxide, and a zinc oxide, wherein said 
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metal oxide carrier comprises 25-55% of copper, based on the weight of said 
metal oxide carrier. 

Preferably, said hydrogen-rich gas feed used in the method of the present 
invention is a hydrogen-rich reformate gas formed by reforming a hydrocarbon. 
5 Preferably, said hydrogen-rich gas feed used in the method of the present 

invention comprises more than 30 mole% of hydrogen, and a mole ratio of H2O 
to CO is 2-10. 

Brief Description of the Drawings 

10 Fig. 1 is a plot of the CO conversion ratio vs. the inlet temperature of gas 

feed having a H2O/CO mole ratio of 3 in a WGS reaction, wherein the round dots 
represent the results of the catalyst prepared in Example 1 of the present 
invention; the circles represent the catalyst prepared in Control Example 1; and 
the solid rhombuses represent the catalyst prepared in Control Example 2. 

15 Fig. 2 is a plot of the CO conversion ratio vs. the inlet temperature of gas 

feed having a H2O/CO mole ratio of 6 in a WGS reaction, wherein the hollow 
rhombuses represent the results of the catalyst prepared in Example 1 of the 
present invention; the round dots represent the catalyst prepared in Example 2 of 
the present invention; the circles represent the catalyst prepared in Example 3 of 

20 the present invention; and the triangular dots represent the catalyst prepared in 
Control Example 3. 

Fig. 3 is a plot of the CO conversion ratio vs. the inlet temperature of gas 
feed having a H2O/CO mole ratio of 4 in a WGS reaction, wherein the round dots 
and the circles respectively represent the results of the catalyst prepared in 

25 Example 2 of the present invention before aging and after aging (400*'C, 20 

hours); and the triangle dots and the triangles respectively represent the catalyst 
prepared in Control Example 3 before aging and after aging (400''C, 20 hours. 

Fig. 4 is a plot of the CO conversion ratio vs. the inlet temperature of gas 
feed having a H2O/CO mole ratio of 6 in a WGS reaction, wherein the round dots 

30 represent the results of the catalyst prepared in Example 2 of the present 

invention; the triangle dots represent the catalyst prepared in Control Example 4; 
the rectangular dots represent the catalyst prepared in Control Example 5. 
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Detailed Description of the Invention 

The present invention discloses a catalyst for the WGS reaction, which can 
avoid the drawbacks, of the conventional Cu-ZnO/AlaOa catalyst, while having an 
5 activity for the WGS reaction higher than or comparable to the activity of the 
above-mentioned catalysts developed by Matsushita Electric Works, Ltd., 
Nextech, and Toyota. Furthermore, the concentration of the precious metal in 
the catalyst of the present invention is reduced, and thus the synthesis cost of the 
catalyst of the present invention is reduced. A comparison between the 
10 catalysts disclosed in the prior art and the catalysts synthesized according to the 
preferred embodiments of the present invention is listed in the following table: 





Toyota 
EP 1184445 


Matsushita 
Electric Works, 
Ltd. 
EP 1161991 


Idemitsu Kosan 
US 6238640 


Present 
invention 


Catalyst 
Composition 


Pt-M/Ti02 
M: Al, Si, P, S, V 


Pt-M/Zr02 
M: Re, Sc, Pr 


CU-M/AI2O3 
M: Zn, Cr, Mg 


Pt-Re/Cu-Zn-Al 


Content of 

precious 

metal 


3-12 wt% 


3 wt% 




1-3 wt% 


Reactivity 


High 


high 


Mediimi 


High 


Capable of 

contacting 

oxygen 


Yes 


Yes 


Yes 


Yes 


Cost of 
synthesis 


High 


High 


Low 


Medium 



The present invention can be further understood by the following 
15 examples which are for illustrative only and not for limiting the scope of the 
present invention. 
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Example 1 

34.2 g Cu(N03)2.3H20, 92.7 g A1(N03)3.9H20 and 30.6 g Zn(N03)2.6H20 
were dissolved in 1500 ml of deionized water. 28% of ammonium water was 
dripped into the resulting solution until the pH value of the solution was 7.5, 
5 while stirring at room temperature. The solution was stirred at room 

temperature for 2 hours, and then the gel formed in the solution was filtered out 
and washed with water, followed by drying at 120°C for 12 hours and baked at 
500''C for 5 hours to obtain Cu/AhOs-ZnO having a weight ratio of 
CurAhOsiZnO = 30:42:28. 

10 To 20 g of a powder of the Cu/AliOs-ZnO prepared a Pt(NH3)2(N02)2 

solution containing 0,2 g of Pt was added while stirring in a suitable volume so 
that an incipient wetness impregnation was carried out. The mixture was then 
dried at 120^C for 12 hours, and then baked at 400*^0 for 2 hours to obtain a 
Pt/Cu/Al203-ZnO catalyst, wherein the concentration of Pt is 1 wt%. 

15 Powder of the Pt/Cu/Al203-ZnO catalyst prepared above and an alumina 

sol were mixed at a weight ratio of 9:1, during which a suitable amount of water 
was added to adjust the solid content thereof. After grinding, the viscosity of 
the resulting slurry was adjusted. Next, the slurry was coated on a ceramic 
honeycomb support having a volume having a diameter of 2 cm and a length 2 

20 cm with a cell density of 400 cells/in^. Subsequently, the catalyst/support was 
dried at 120*'C for 12 hours, and calcined at 450°C for 2 hours to obtain a 
monolith honeycomb catalyst. The amount of the Pt/Cu/AhOs-ZnO catalyst 
coated was about 1-2 g. 

25 Control Example 1 

The steps of Example 1 were repeated to prepare a monolith honeycomb 
catalyst. However, a Pt-free Cu/Al203-ZnO powder was used to replace said 
Pt/Cu/AhOs-ZnO powder in the coating step. 

30 Control Example 2 

114 g Cu(N03)2.3H20, 102 g A1(N03)3.9H20 and 309 g Zn(N03)2.6H20 
were dissolved in 3000 ml of deionized water. 28% of ammonium water was 
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dripped into the resulting solution until the pH value of the solution was 7.5, 
while stirring at room temperature. The solution was stirred at room 
temperature for 2 hours, and then the gel formed in the solution was filtered out 
and washed with water, followed by drying at 120°C for 12 hours and baked at 
5 500°C for 5 hours to obtain Cu/Al203-ZnO having a weight ratio of 

CuiAhOaiZnO = 23.4:10.8:65.8. Next, powder of this Cu/AliOa-ZnO was used 
to prepare a monolith honeycomb catalyst by repeating the coating, drying and 
calcining steps in Example 1. 

10 The conventional fixed-bed catalytic reactor was used for testing the 

activity of the catalysts in the WGS reaction. The honeycomb catalysts were 
separately loaded into a quartz reaction tube having an inner diameter of 2.2 cm. 
The inlet temperature of the gas feed was controlled by an electric heating 
furnace. The gas feed contained 50.2% H2, 9.4% CO, 12.2% CO2, and 28.2% 

15 H2O, wherein H2O/CO molar ratio was 3. The space velocity of the gas feed 
(GHSV) was 7000"^ hr. The results are shown in Fig. 1. The experimental 
data of Fig. 1 show that a further deposition of Pt on the Cu/AlaOa-ZnO catalyst 
greatly increases the catalytic activity to the WGS reaction, thereby increasing 
the CO conversion ratio. 

20 

Example 2: 

151.02 g Cu(N03)2.3H20, 214.31 g A1(N03)3.9H20 and 72.0 g 
Zn(N03)2-6H20 were dissolved in 3000 ml of deionized water. 28% of 
ammonium water was dripped into the resulting solution until the pH value of the 

25 solution was 7.5, while stirring at room temperature. The solution was stirred 
at room temperature for 2 hours, and then the gel formed in the solution was 
filtered out and washed with water, followed by drying at 120**C for 12 hours and 
baked at 500°C for 5 hours to obtain Cu/A^Os-ZnO having a weight ratio of 
CurAbOsiZnO = 45:33:22. 

30 The Cu/Al203-ZnO was ground into powder. To 20 g of the 

Cu/AhOs-ZnO powder a Pt(NH3)2(N02)2 solution containing 0.2 g of Pt and a 
NH4Re04 solution containing 0.2 g of Re were added while stirring in a suitable 
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volume so that an incipient wetness impregnation was carried out. The mixture 
was then dried at 120**C for 12 hours, and then baked at 400**C for 2 hours to 
obtain a Pt-Re/Cu/AhOa-ZnO catalyst, wherein both the concentrations of Pt and 
Re are 1 wt%. Next, powder of this Pt-Re/Cu/Al203-ZnO was used to prepare a 
5 monolith honeycomb catalyst by repeating the coating, drying and calcining 
steps in Example 1. The amount of the Pt-Re/Cu/AhOa-ZnO catalyst coated 
was about 2 g. 

Example 3 

10 The steps of Example 2 were repeated to prepare a monolith honeycomb 

catalyst of Pt-Re/Cu/AhOa-ZnO, except that the Pt-Re/Cu/AliOa-ZnO powder 
contains 3 wt% of Pt and 1 wt% of Re. The monolith honeycomb catalyst 
contained about 2 g of the Pt-Re/Cu/AhOa-ZnO catalyst. 

15 Control Example 3 

A monolith honeycomb catalyst of Cu/AliOa-ZnO catalyst was prepared by 
repeating the procedures in Example 2, except that a Cu/Al203-ZnO catalyst 
without deposition of Pt and Re was used to replace the Pt-Re/Cu/AhOa-ZnO 
catalyst. 

20 

The conventional fixed-bed catalytic reactor was used for testing the 
activity of the catalysts in the WGS reaction. The honeycomb catalysts were 
separately loaded into a quartz reaction tube having an inner diameter of 2.2 cm. 
The inlet temperature of the gas feed was controlled by an electric heating 

25 furnace. The gas feed contained 33.8% H2, 5.4% CO, 10.2% CO2, and 32.4% 
H2O, wherein H2O/CO molar ratio was 6. The space velocity of the gas feed 
(GHSV) was 6000'^ hr. Fig. 2 shows the results of the catalysts prepared in 
Examples 1 to 3 and Control Example 3. The experimental data of Fig. 2 show 
that a further deposition of Re on the Pt/Cu/AbOa-ZnO catalyst enhances the 

30 catalytic activity to the WGS reaction, thereby increasing the CO conversion 
ratio. Furthermore, the Pt-Re/Cu/AhOs-ZnO catalyst has a CO conversion ratio 
significantly higher than that of the Cu/A^Oa-ZnO catalyst. 
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Similarly, the conventional fixed-bed reaction system was used to test the 
activities of the catalysts after aging in the WGS reaction. The monolith 
honeycomb catalysts prepared in Example 2 and Control Example 3 were 
subjected to an aging treatment at 400*^0 for 20 hours. The composition of the 
5 gas feed was changed to H2 47.3%, CO 8.1%, CO2 12.2%, and H2O 32.4%, with 
a H2O/CO mole ratio of 4. Fig. 3 shows the conversion ratio of the monolith 
honeycomb catalysts (before and after aging) of Example 2 and Control 3 at 
different inlet temperatures of the gas feed. The experimental data of Fig. 3 
indicate that, after being aged at 400°C for 20 hours, the CO conversion ratio of 
10 the Pt-Re/Cu/Al203-ZnO catalyst will decrease but still higher than that of the 
conventional Cu/AbOa-ZnO catalysts with or without aging. 

Control Example 4 

An incipient wetting impregnation was carried out to prepare a Pt-Re/ZrOa 

15 catalyst having 3 wt% Ft and 1 wt% Re, based on the weight of the Zr02 powder, 
including drying the powder/solution mixture at 120''C for 12 hours and then 
baking at 400'*C for 2 hours. The powder of the resulting Pt-Re/Zr02 was 
mixed with an alumina sol at a weight ratio of 9:1, during which a suitable 
amount of water was added to adjust the solid content thereof. After grinding, 

20 the viscosity of the slurry was adjusted. Next, the slurry was coated on a 
ceramic honeycomb support having a diameter of 2 cm, and a length of 2 cm 
with a cell density of 400 cells/in^. Subsequently, the catalyst/support was 
dried at 12G^C for 12 hours, and calcined at 400°C for 2 hours to obtain a 
monolith honeycomb catalyst. The amount of the Pt-Re/Zr02 catalyst coated 

25 was about 2 g 

Control Example 5 

A Pt/Ce02-Zr02 powder (containing 2 wt% of Ft, based on the weight of 
the Ce02-Zr02 powder) purchased from the Nextech Co. was mixed with 10 wt% 
30 of an alumina sol binder. A suitable amount of water was added to adjust the 
solid content of the resulting mixture. After grinding, the viscosity of the 
slurry was adjusted. Next, the slurry was coated on a ceramic honeycomb 
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support having a diameter of 2 cm, a length of 2 cm, and a cell density of 400 
cells/in^. The coated support was dried at 120®C for 12 hours, and baked at 
400°C for 2 hours, to obtain a monolith honeycomb catalyst. The monolith 
honeycomb catalyst was coated with about 2 g of the Pt/Ce02-Zr02 catalyst. 

5 

Similarly, the conventional fixed-bed reaction system was used to test the 
activities of the honeycomb catalysts prepared in Example 2, Control Examples 4 
and 5 in the WGS reaction. The composition of the gas feed was H2 33.8%, CO 
5.4%, CO2 10.2%, N2 18.2%, and H2O 32.4%, with a H2O/CO mole ratio of 6. 

10 The space velocity of the gas feed (GHSV) was 6000'^ hr. The experimental 
data contained in Fig. 4 show that the highest CO conversion ratio of the 
Pt-Re/Cu/Al203-ZnO catalyst is comparable to the catalysts of Control Examples 
4 and 5. However, the gas feed temperature of the Pt-Re/Cu/AhOa-ZnO 
catalyst is lower, and the content of precious metal thereof is also lower 

15 compared to the catalysts of Control Examples 4 and 5. The experimental data 
indicate that the Pt-Re/Cu/A^Os-ZnO catalyst has an excellent catalytic 
performance in the WGS reaction. 
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